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Study on physical properties of nonlinear lining material based on
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Abstract: The thermal-mechanical properties of lining material were studied by physical tests and numerical simulation.
Indoor heating-insulating test was designed to measure the thermal properties of lining material under the condition of
high temperature, and the mechanical properties and failure mode of the liner with the confining pressure changing were
studied by mechanical test. The thermal-mechanical numerical simulation based on the physics test result was conducted
and compared with the standard regulation in ASME. The results show that the indoor heating-insulating test and

mechanical test can be taken as ways to get the heat-transfer characteristics and mechanical properties of the lining
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material and provides data support to the simulation of real condition on numerical method. The compressive strength of

lining material is improved significantly when the metal content increases and the compressive strength increases when

the confining pressure increases with the metal content fixed. As the confining pressure increases, the elasticity modulus

and the curve slope of constitutive increases, and the maximum stress increases correspondingly. When the stress reaches

the peak, the axial stress gradually falls and radial stress gradually stabilizes. The inner layer is under pressure and the

outer is under tension and it has a stress asymmetry. Combining physical testing with numerical simulation is an effective

method for the study of lining material properties.
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26.2 502.5 458.2 117.6
1 100 323 653.2 602.5 140.6 12.5
34.7 752.1 714.5 169.0

30.5 502.1 450.2 100.2

2 110 334 647.3 578.2 123.1 12.5
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28.3 500.6 450.6 93.2

3 120 32.6 653.7 596.7 113.3 12.5
325 767.6 714.6 131.0
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Fig.1 Schematic of temperature rise & insulation indoor test
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Table 3 Thermal conductivity of lining material WHL-3A by
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Fig. 2 Insulation of lining with thickness variation under
different furnaces
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Table 4 Parameters of tension and compression test
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Fig. 3 Lining material destruction in test
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Fig. 4 Influence of metal content on compressive strength
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Fig. 5 Elastic modulus change with confining pressure
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Fig. 6 Relationship between axial stress and axial strain
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Fig. 7 Relationship between axial stress and radial strain
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